New generation of high-technology products are lunched with an intensive innovation rate before the early generation is sold out. While in the market of remanufactured products, upgrading is necessary to keep pace with the technology development. Additionally, the supply of the remanufactured products is restricted by the returned cores. Hence, a problem surfaces because of the unattractive new products belonging to the early generation stock, while the attractive refurbished products belonging to the updated technology are in short supply. Returning number of unsold products for upgrading provides a possible solution. This paper provides a method to price the new and the remanufactured products. How many unsold new products would be returned to remanufacture and how many used products would be acquired are in the scope of this paper. A profit maximization model associated with discrete choice demand function is provided.
INTRODUCTION
As technological development takes place and life becomes more and more complex, customers become more and more dependent on electronic products in their lives. Electronic products' inundation brings the e-waste problem in prominence. Therefore, the government's production recycling regulations are introduced and the production recovery programs follow to seek business opportunities from remanufactured products. In the last few decades, researchers have shed light in this area. Gungor and Gupta [1] report a survey on the issues in environmentally conscious manufacturing and product recovery (ECMPRO). They highlight the environmentally conscious remanufacturing and recovery of materials and products, including life cycle analysis and design, assembling and dissembling, inventory control and production planning. Ilgin and Gupta [2] develop a framework and extend environmentally conscious product design to reverse and closed-loop supply chains. Marketing is a part of these. Researchers consider environmental, economic, consumer and material requirements simultaneously. In the past, scientists kept an eye on durable goods. Nowadays, high-technology companies introduce new generations of products intensively to maintain customers' interest. For example, in the cellphone industry, products get retired after about eighteen months on average in America. Customers are always craving for the newest generation and upgrade their products for social needs, because the latest communication style is based on the new technology [3] . Therefore, remanufacturing operations are necessary to mitigate obsolescence of products as part of product life cycle; upgrading while remanufacturing is needed to satisfy the appetite of those technology sensitive customers who are also price sensitive. Additionally, it is a common phenomenon that numbers of unsold new products belonging to the former generations remain in inventory when the remanufactured one belonging to the new generation is available, but in short supply. Returning unsold products for upgrading becomes a possible solution. However, this solution decreases the perceived value due to remanufacturing, and increases the cost due to reverse supply chain and upgrading. The primary goal of this paper is to help manufacturers and retailers with the pricing and acquisition planning decisions for both new and remanufactured products at a strategic level in a closed-loop supply chain. In the next section, a literature review on the remanufacture of short lifecycle products, integrated pricing with planning, and product upgrade will be provided. Then the research gap will be summarized, and the problem statement will be elicited. Model and data resource will be examined in section four and five respectively. The conclusion and the future research opportunity will be in the last part.
2 LITERATURE REVIEW 2.1 Pricing decision for short life cycle product Electronic products have short lifecycle because of fast technological innovation. Selling prices are time dependent, while demand trend decreases with time. Bass creates the Bass diffusion model for consumer durables with the parameters of innovation and imitation [4] . Norton and Bass extend the Bass model to three production generations for hi-tech products [5] . Wang and Tung conduct a study to determine the optimal order quantity and selling prices for gradually outdating products using different discount levels to maximize retailer's profit [6] . Based on their demand function, Gan, Pujawan, Suparno and Widodo build a model for both new and remanufactured products of short lifecycle with a timedependent diffusion model [7] . Zhou, Gupta, Knoshita and Yamada develop a model with the consideration of production generations [8] . All the above papers use linear demand functions. However, Li and Huh examine the nonlinear price sensitive model with a discussion of nonlinear demand function to find the optimal set of discrete prices with limited times of price changes, catering customer's demand when it varies over time [9] . In general, pricing decision is highly related to the demand function. For the new product, introduction time, customer's perceived value, price, and the market growth are critical. For the remanufactured product, the key factors include the market channel, the pricing, the product characteristics, and the green segment size.
Pricing and planning integration
Price is sensitive to the total revenue in an organization. The correlated factors include cost, inventory, time, customers' willingness to pay, government regulation, and even competitors. Separating price from other factors is impossible in the real world. Hence, price decision is made by a model with other elements integrated. The supply of the remanufactured product is restricted by how many goods or parts returned, while the demand curve can be linear or nonlinear, deterministic or probabilistic, varies by customer segment, time, and price. Keeping the balance between supply and demand is one of the important on production remanufacturing. Vadde, Kamarthi and Zeid [10] build a pricing model for remanufactured products under a stochastic demand in the environment of inventory fluctuations. When the variable follows a generic probability distribution, the optimal solutions will be found. Vadde, Kamarthi and Gupta write another paper about inventory imbalance between the arrival rates of discarded products and the demand trend. They look at the disposal decisions based on the pricing policies to achieve the inventory fluctuations minimization [11] . They establish a stochastic dynamic programming model and find it is better to be disposed of when the carrying cost exceeds the disposal cost. Different from the stochastic model, Gupta summarized decentralized and centralized deterministic models integrating inventory level, pricing and return reimbursements in a JIT environment [12] . The chapter includes various situations. The retailer price is set by either the market or the manufacturer. Akan, Ata and Savaskan-Ebertk build a dynamic pricing model with life cycle considered for remanufacturable products to keep the balance between supply and demand [13] . They integrate optimal pricing, production and inventory policies in the model. They recognize that if the remanufactured product is being willing to be co-occurred with the new product, remanufacturing cost, attractiveness, and product return rate are critical for its survival. Kwak and Kim [14] present multi-objective research on optimal pricing integrating with environmental impact using mixed-integer programming method and transition matrix. To sum up, production planning is important to keep the supply-demand balance. If the supply of the used cores cannot fulfill the demand for the remanufactured products, the new parts must be used to replace [5] .
Remanufacturing across new product generation
All the papers above consider the integration without the view of generation impact. In this paragraph, the exceptions are provided. Bhattacharya, Guide, and Wassenhove propose a study on remanufacturing across new product generation in the aspect of optimal order quantities in different channel decision-making structures [15] . Galbreth, et al. fill up the gap and take the quality of used items and production design into account [16] . Kwak and Kim provide a market positioning problem for remanufactured product combined with optimal planning for part upgrades with paying an attention to the influence of production design in a waste-stream system and a market-driven system [17] . This study aims to maximize remanufacturing profit and find optimal remanufacturing options, selling price, and production quantity using the concept of generational difference. The demand is determined by generational differences, selling price, and product status, using the techniques of discrete choice analysis and conjoint analysis. Most of the researchers focus on remanufacturing only without considering the generation effect on a short life cycle of products; the others talk about generation interactions without a view of remanufacturing. Some papers indicate the innovation impact on remanufacturing; even fewer consider how to deal with the unsold outdated product, but almost none talk about the pricing and planning decisions for unsold obsolete product and upgraded remanufactured products when they are competing in the same market. Many papers point out the profitability of the remanufactured product. However, the supply of the remanufactured products is restricted by the returned cores. The imbalance of the supply and the demand for the remanufactured products are complicating the pricing and planning problem. As we described above, returning number of unsold products with a buyback price for upgrading and reselling is a possible way to solve this issue. How to price unsold new products and remanufactured products, how many unsold new products would be returned for remanufacturing, and how many used units of each generation should be collected are in scope of the paper.
PROBLEM STATEMENT
In the problem, two types of products are defined. Type1 represents the new products belonging to the early generation, while Type 2 accounts for the remanufacture product belonging to the latest technology. The Type1 product has a perfect product quality but old technology. The Type2 product has flaws in appearance and product quality but belongs to the newest technology. The supply of Type2 products comes from used products of any generation and unsold Type1 products as well. When the company releases the new generation of the product, the previous one becomes unattractive. Customers are eager for new technology and function. They always believe that the new generation brings the latest technology. In a similar way, for the market of remanufactured products, upgraded remanufactured products are more welcome than those remanufactured to the original specification. We hypothesize that Type1 products have quality advantage while Type2 products have technology advantage in the view of customers. Customers who buy Type1 or Type2 products are in the middle level, different from the customers who purchased brand new latest generation models. Besides, the demand for the upgraded remanufactured product is considerable and exceeds the supply from the used products. Type1 product could be returned to upgrade and sells as a Type2 product. Three parties are in the system. They are the manufacturer, the remanufacturer, and the retailer. The OEM produces the new products belonging to the latest technology. The retailer sells the newest and the second newest generations. The remanufacturer collects the preowner products from the former customers with an acquisition price based on the product generation. They also buy back Type1 products from the retailer with a buyback price. A single period model will be built to analyze the period of six months since the new generation is released. The study will maximize the profit by selling the Type1 and the Type2 products during the six months after the latest generation is released. We will determine the optimal prices of Type1 and Type2 items, the buyback price, the quantity of Type1 products returned from the retailer, and the quantity of the used products from different generations collected from customers.
Assumptions
The problem has the following assumptions.

Customers' purchase decisions are based on three factors: product quality, price and generation gap.
 Remanufacturing a product from the previous generation is less costly than manufacturing a new one. Remanufacturing costs are the same for the recycled products of different generations; upgrading cost varies by the generation difference.
 Upgrade technology barrier is not considered.
A fixed fraction α is returned by the users. The remanufacturer will accept all the items returned. Either an OEM or a third-party could operate the remanufacturing, but not both. Competition prevention is achieved by the coordination [18] . In this study, the remanufacturer and OEM will be looked as the integration.
Retailer-separate channel (RS) structure and coordinated channel (CC) system will be used. In RS structure, the profit models of the retailer, and the joint profit of the manufacturer and the remanufacturer will be presented respectively. In CC system, the centralized model for supply chain optimality will be shown. The maximum return rate follows a normal distribution.
MODEL
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And, Zu,i = α * Si * f (Ti-T0,x‫|‬µ,σ)
The demand is determined by three characteristics of the product and its competitors: quality level, price, and generation difference. 5 DATA RESOURCE Apple Inc. launches new smartphone models every year. After iPhone 5, they introduced the high-end product, iPhone 5s, and the low-end product, iPhone 5c concurrently. Then they released the products with the regular and the plus sizes starting from iPhone 6. In the study, we hypothesize that upgrading restriction will occur if the generation gap is too large. The product level and technology barrier are not considered as described in assumption. Therefore, only three generations of remanufactured products, iPhone 4, iPhone 4s, and iPhone 5 will be analyzed during the time of six months since iPhone 5 was released.
Assumption for the cost
The data of modified sales data of Apple iPhone of each generation is shown in Table 1 . The data is for calculating the maximum recycled quantity of each generation during the period we studied. The raw data comes from Apple Statista [19] . The data modification method can be found in [20] . Z is supposed to be 8,000,000. The estimated cost of manufacturing a new iPhone of generation 4, 4s, and 5 are $112.00, $132.50, and $167.50 [21] . The upgrade cost is assumed to be the same with the parts cost difference between the two generations, which are $35 and $56. The acquisition costs of the used products of the latest generation, the last generation, and the last two generations are $77, $38, and $23 respectively [22] . The remanufacturing costs are equal to all the items, which is $50. The selling price of the new launched item is $650. Wholesale price for the new products is assumed to be $370 [8] . The retailer's holding cost during the period of six months is $10/unit, while the remanufacturer's shortage cost is $15/unit. 5.2 Assumption for the quantity returned from customers The frequency with which US smartphone owners purchase a new one is surveyed [23] . Table 2 shows the result of the iOS system. The return quantity of each generation can be converted and plotted. We find it follows a normal distribution with the mean of 25.14 months and the standard deviation of 15.35 approximately. The maximum possible return rate α is assumed to be 0.25. Then the quantity of the products returned of each generation can be generated. The recycled products are classified with three quality levels. Quality level k = (0, 1). K=1 means the item is new. Low (L), medium (M), and high (H), given as numbers of 0.2, 0.6, and 0.9 respectively. The products returned from the retailer are assumed to have an average quality of 1. Table 3 shows the maximum quantity of the recycled iPhones of different generations in different product quality levels. Table 2 . Frequency with which US smartphone owners purchase a new iOS smartphone.
More than once per year 9%
Once per year 21%
Once every 2 years 35%
Once every 3 years 17% Less than once every 3 years 18%
Assumption for the demand
The demand is determined by three characteristics of the product and its competitors: quality level, price, and generation difference. Quality level is defined as product quality in customers' insight. For the generation difference, if the generation gap is zero, the performance is assumed to be 1; if the generation gap is one, the performance is assumed to be 0.6. The market share of each type of product is defined by using analytic hierarchy process (AHP), a multi-criteria decision analysis method created by Saaty [24] . Customers provide judgments about relative importance of each characteristic. Then they specify a preference of each decision alternative using each criteria. Table 4 presents the consistency of the characteristics. It shows the weight rate of quality, price, and generation gap when customers choose items. The characteristic with higher rate represents a more important concern, while that with lower rate means a less concern. Table 5 represents the consistency of the performance of the two types of products. Q is assumed to be 15,000,000. The demand function of the Type1 and the Type2 products are in Function (7) and (8) . Table 3 . Quantity returned of each generation during the period. 
RESULTS
The optimal solutions are in Tables 6-8 . Table 6 shows the result of the manufacturer-remanufacturer model in RS channel. The profit is maximized when Pb is equal to 0. The optimal retailer prices of Type1 and Type2 products do not fluctuate with the change of the buyback price; the wholesale price stays the same as well. For the acquisition planning, the remanufacturer is willing to buy back unsold new product from the retailer as many as possible when buyback price is minimal, then acquires used products of the second latest generation to fulfill the rest of demand.
With an increase of buyback price, the number of returned unsold new products and the used product of the second latest generation decrease. The remanufacturer prefers to recycle used product belonging to the latest generation instead until they are in short supply. Then the products of the second early generation are recycled. Table 7 shows the result of the retailer model. The optimal buyback price is assumed to be $130 when the wholesale price is not defined. Selling remanufactured products of latest model is restricted by the retailer. If the wholesale price is determined by the manufacturer, the retailer is not willing to return any Type1 products. The retailer wishes the remanufacturer to decrease the price of the Type2 product from $166 to $130, and does not wish any Type1 product in the market. The result of the coordinate channel model is shown in Table 8 . The system prefers an equal price for the upgraded Type2 products and the Type1 products. They sell the upgraded remanufactured products recycled from the customers. Refurbished latest model and the second latest model are the priorities. They also buy back the unsold Type1 product from the retailer and acquire used products of the earlier generation for the rest of the demand. 7 CONCLUSION AND FUTURE STUDY Some papers about product pricing considered new products of multiple generations. Some studies discuss the price decision of new and remanufactured products. But this article combines generation and remanufacturing, explains the new and remanufactured products in different generations. Also, some papers considered the integration of pricing and planning, a few of them thought to combine the price decision of products and acquisition strategy.
The paper explored a new strategy, discuss the acquisition policy with generation consideration. The optimal quantity of each generation acquired from customers and the amount of unsold outdated products from the retailer are obtained based on the model. Besides, the analytic hierarchy process demand function and the normal distributed returned quantity function are integrated into the model. The paper also has some opportunities. First, more factors could be integrated into the model, such as the segments of the low-end and high-end products, the upgrading technique barrier, and technology characteristics. Second, the model can be extended to a multi-period problem. Third, the lead time can be considered to be followed by a probabilistic distribution. The probabilistic delivery cost will be added to the model accordingly.
